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HICROUAVSGSNEMTORS: OSCILLATINGVIRTUALCATROOSSAND RSYLEXINGELECTRONS

Themes J. T, Kwan ●nd Lester E. Tbotie
Advanced Concepts ●nd Phsmm physics Group

Lcm Altmos Natiomel Laboratory
Los Almoxi, New Hexico 87S45

Abstract

Simulation of the geners ion of ● relativistic

electron beem in ● foil diode configuration ●nd of

the ●bsequent intense microwave generation resulting

from the formetion of the virtual cathode is pre-

●ented. The oscillating virtual cathode ●nd the

trapped beem ●lect.ronr between uhe reel ●nd the

virtuel cathodet were found to generate ●icrowaves.

Generation of high-power ●icrowaves with ●bout 10%

●fficiency might be reasonably expected from ●uch ●

virtual-cathode cc,nfiguration,

Introduction

In this ●rticle we report on our inveatisation

of ● ●icrowave generetor baaed on trapped beem elec-

tron~ reflexing in the potential well fo~d between

the reel ●nd the virtusi cathodes of a relativisti~

electron beam. Several groups heve ●tudied thim

process ●xperimmtally [1-3], ●nd two of them have

observed ● microwave power level of 100 HWo The

frequency of the ●icrowave can be tuned by varying

the density or energy of the ●lectron beam ●nd the

spacing between the real ●nd the virtual csthodes.

Furthermore, unlike other ●icrowave devices [4-6] in

which efficient operation requires ●lectron bema of

high quality, the efficiency of ■icrowtve production

due to reflexing ●lectrons Uas experimentally

obmerved to be not sensitive to the quality of the—
electron beans [1],

Computer Simulation Resultt

In our study the two-aimmnsional perticle-in-

cell plame simulation code CSHIT wes used to ●imu-

late thu generation of the ●lectron besm from the

Anomalous Intonce Driver (AID) relativistic ●lectron

beem fecility [7-9] ●nd the oubeequent ~enerstion of

■icrowave by tbt ●lectron. reflnxins in the poten-

tlel well, Fi8ure 1 has ● real-spsce dissrsm (r

vcrou~ x) ●hewing tho configuration of tbe simula-

tions, A 3.O-?N transvarac ●lectroaegnetic wave was

launched ●t tbe left-bend boundary iP,LU U. coexial

line, ceucin~ the field aionion of ●lectrons, Then,

Lbe ●lectrons emitted from the cathode were ●cceier-

~ted to tbo ●od. foil to form ●n ●pprosimetely

I-rn-thirk ●muler ●lectron beam. (Beceuse ef ●

Bmell ●icmetch between tbe driving ●nd tie diode

impedances, the ham energy wee 3.10 tleV [10]. The

electron beem current in the simulation was 75 M.)

The ●node foil wee modeled ee ●k infinitesimally thin

perfect cocductor, amd the ●lectrons did not lose

energy or suffer wlocity scatter ●m they traversed

throusb the ●node foil. This im ● rc:sonable model

for a very this foil (w). Tranomittins boundary

conditions for the ●lectr-gnetic fields were used

in both ends of the wsveguide, ●nd ● perfectly con-

ducting boundery conditioo was used in the radial

direction. Finelly, simce ●zimuthel ●-try wes

●smmed, tbe proper bound~ry condition for the lower

boundery in the radiel directi~a wem chosen to be

reflecting for ●lectromagnetic fields ●nd electrons,

but electron- were ●bsorbed when they reached tbt

other three boundaries.

Am indicated in Fig. 1, the redius of &ke wave-

guide beyomd the anode foil was increencd to 3,0 cm

to facilitate the virtual cethode formetion, The

apace-charge l~itins current of the wave@:> far ●n

●nnuler ●lectrom beam of infiniteoimel thickmecc iR

*ivenby [11]

2/3 -
1)3’2/2 Am(rW/rb) M ,

%CL
= 17(y (1)

where y is the relmtivictic factor of the electron

beam, rw is tbe radium of the wevesuide, ●nd rb i.

the ●lec:ron beem outer radius, Wth y ■ 7.07 ●nd

‘b = IIom, Bq. (1) Sives ‘SCL = 34.01 M. Since

the current carried by \e ●lectron beem waa 75 M, ●

virtuel cstbode was formed beyond the metallic foil,

“c”’Ek=4----‘--1

rig. 1, Reel-opace (r-m) ●d }hase-spsce (p -s)
dissr~ of the ●lectron beam, mhowirsgthe
furmotion of tbe virtuel cathode ●.d the
~f!.exima ●yet~ in tbo cam. with ●n ●xial
megnetic field ef 90 kO.



The phase-space disgrem (Pz versus r) in Fig. 1 shows

the process of ●cceleration of the electrons to ●bout

3.10 !ieV toward the ●node foil ●nd the deceleration

of the electron beem becauee of the buildup of the

mpace-cherge potential once it ●ntered the waveguide.

The focmetion of ● virtutl cathode by the ●lectron

bean occurred ● t ● dimtance of ●bout 1.4 cm ●way from

the cathode, In the simulation s constant ●xial

mqmetic field of 90 k& wae preeent ●nd, therefore,

the motion of the ●lectrons wac primerily ●lomg the

mezmetic field linec (Fit. 1). With the presence of

the ●trong megnetic field, the quelity of the ●lee-

tron beem wae very good [9]. Consequently, one would

expect ●icrowave production by the oscillating

virtuel rathode [4] in ●ddition to the electronc

reflexing ineide the potential well fotmed between

the real and the virtual ctthodes. However, the

frequencies of the ●icrowave produced by these two

mechaniome ●re, in genersl, different. On the one

band, the ■icroveve frequency due to ●n oscillating

virtual cathode varieo from W1 to @ q as the ratio

of the besm current to the space-charge limiting

current increases [12], Here, the transverse plasme
1/2frequency is ~iven >y w,= (4nnoe2/yme) . On the

other hsnd, the frequency of the microwsb:s due to

the rcflexing ●lectrone is detemined by the transit

time of the ●lectrons in the potential well [3j.

The the hi-tory of the ●zimuthal component of

the ●gnetic field ● t ● poeition cser the left-hand

bound-ry snd its Fourier trenefom were obtainad from

the ●imulttion chowm in Fig. 2. The oscillatory

behavior ●hewn in the ficure it indicative of the

●xcit~tion of ●lectrnmegnetic waves; furthermore, the

Fourier transform of the time history cleerly ●howm

thmt ●lectromssnetic weves were ●xcitmd ● t two die-

tinct frequencies of 10.63 ●nd 2S.74 Gllx.

The deneiiy of the ●iectron beam ●e determined

in the shuletion wee no R 4,0 n 1013/c/ ●nd the

traneverne plasma frequency,
1/2

W1 = (4naOe2/we) ,

woo 21,4 ax. The fact thet the frequency of the

●icrowaves Cenereted by oscillating virtual cathodes

rnnsem from WA to ~~wl lade MO to comclude that

the h~th-frequency cmpotint (25,74 GHx) of the

ele?t-amegnetic wtvet observed in tlw cimulstion wae

excited hy the oerillati~ wirtuel cathode. The

~rmioit time of tho ●lectrono reflexin~ iu the poten-

tirnl well can be ●sttmeted by amsumint the ●lectronm

reeking round tripe between the reel ●nd the virtuel

cathodeo with e velcc~ty near thm speed of light.

Tha diotance be@een tbe cetbodeo (meaeured in the

ohulJtirm to be ●bout 1.4 cm) yielded ●n ●lectron

6
tefo

o
t(GHz)

2. Time history ●nd Fourier transfom of ~iec-
tromegnetic wavee,

transit frequency of 10.7) GHz, confirming thst the

iow-frequency component (10.65 GHz) of the electro-

●agnetic wevec waa generated by the trapped ●lectrons

as they phase-buncbed in the potential well [1]. It

is ●violent from Fig. 2 that the radiation power was

more concentrated ● t the low-frequency comnonent of

the ●icrowave.. In ●ddition, note that the ltr~e ac

level of the ●agnetic field was due to the self-field

of the electron beam.

Simulations of tbe seine -eametry ●nd parameter

were done without the conotant ●xial magnetic field.

Tb~ reeulte indicsted that the dominant mechmism in

●icrowave Generation wao the occillsttng virtl.11

ccthode ●nd not the reflexint ●lectronc [13]. In the

●beence of tbe ●xial me~netic field, the reflexing

●lectron- tend to oecilltte ●lent the z-axis where

the potential ic ● t ● ●inimum. The frequency of

●lectron ozcillationa were ouhstantielly higher than

the csee with the ●xial metnetic field where elec-

trons were confined by the ●ttnetic field lines,

Furtbemore, beatinc ●nd tcettering of the incoming

beem )y the reflexing el-ctrons ● re more likely to

occur wjth the presence of the ●xial ●egnetic fi~ldt

This ie concietent with our obnervationo in our

simulation.

The mode structures of the ●lectromagnetic wavec

could not be clearly identi:’ied in th? simulation

because the wevecuicle weo quite over-medod. The

●fficiency of ●icroweve production wao difficult to

celuulete becauae the epproxhetion of the axritat ton

of ● •in~le medc ●lrctrome~netic wave in th~ w*v*-

~uide wee aot valid in the ●imulationo {4]. Haw@ver,

one aey obtein ●n ●otimate of tba output of the



●icrowaves by ueing the ~litudo of tne ●lectro-

mognetic radistion SB show in Fis. 2 ●nd ●versging

it over the cross ●ectioo of tbe wvegufdo. Tki8

procedure yielded ●n ●ct~ted total ●icrowave powr

output of 21 W ●nd ●n efficiency of 10.S%.

conclusion

In conclusion, w hove ●Icwn *t hifb-powr

●icrowave 8eneraticm with ●bout lW efficiency mifit

be reaoonobly expected from trapped ●lectrone reflex-

ing in the potential w1l found between the real ●nd

the virtuel cathodes of ● relativistic ●lectron beom.

In our configuration with ● megnetic field preeent,

both the reflexing ●lectrone ●nd tbe oscillating

virtual cathode generste ●icrowv?s at tuo distinct

frequencies.
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